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SHELL COLOUR 
AND BANDING POLYMORPHISM 

IN  CEPAEA NEMORALIS  (L.) (GASTROPODA), 
o FROM THE BELGIAN COASTAL D U N E REGION

by

W. H. O. DE SMET

1. I n t r o d u c t i o n

Cepaea nem oralis (L.) is a highly po lym orphic  land snail, w hich 
displays shell co lour varieties and  banding patterns, determ ined by  tw o 
closely linked m ultiple allelic series (a.o. L a m o t t e , 1954, 1959 ; C ain  and 
S h e p p a r d , 1957 ; C a i n , K i n g  and S h e p p a r d , 1960 ; C a i n , S h e p p a r d  and 
K i n g , 1968 ; M u r r a y , 1963). T he shell co lour varies from  dull b row n, red 
to pale pink, and dark to light yellow , w ith  dark colours dom inan t to 
lighter ones. The com pletely banded snail has five (very rarely  m ore) dark 
b ro w n  pigm ented longitudinal bands. The bands m ay be reduced to 1, 2, 
3 o r 4, or com pletely absent. A bsence o f  bands is dom inan t to  presence 
and epistatic over all o ther loci that affect banding ( C a i n , S h e p p a r d  and 
K i n g , 1968 ; C a r t e r , 1968).

Cepaea nemoralis lives in diverse habitats and is subject to m any 
selective forces tha t cause and  m aintain the polym orphism . A m ongst 
them  are visual selection by predators ( L a m o t t e , 1951 ; S h e p p a r d , 1951 ; 

O ' D o n a i .d , 1968), clim atic selection ( L a m o t t e , 1959, 1966 ; R i c h a r d s o n , 

1974), frequency-dependent selection ( A u l e n , 1976), etc. J o n e s  et al. 
(1977) state that the genetic structure  o f each population usually  requires a 
com plex and perhaps un ique  explanation.
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2. T h e  s a m p l i n g  r e g i o n

The collections w ere taken from  the w hole  Belgian coastal dune region 
(about 65 km  length), extending from  the m ost southern  part (W esthoek) 
to the m ost northern  part (Zwin). The dunes form  a stretch o f  0.1-2 km  
along the N orth  Sea, com posed o f  calcareous m oderate-sandy soil (150- 
200 p). T hey are m ostly very  arid to arid  and locally dam p. The topo­
graphy  is relatively hilly, w ith  heights varying from  5-30 m, and in te r­
spersed w ith  som ew hile hum id  depressions.

O ur Belgian dunes have been severely dam aged in the past by an 
inappropriate policy and no longer constitute a continuous entity. 
M oreover m ost o f the rem aining dunes are subm itted to a strong 
recreation pressure, resulting in dune abrasion and disturbance o f 
vegetation and fauna. This m ay partly  explain the com plete absence or 
rarity  o f Cepaea nemoralis at too m any localities exam ined.

3. H a b it a t  c l a s s if ic a t io n

T he dune vegetation show s several p lan t com m unities reflecting the 
developm ent o f  the dunes. F or ou r study w e distinguished four m ain 
habitats : m obile to sem i-m obile dune (A), fixed dune (H), scrub (S) and 
bram ble (R). The m obile and sem i-m obile dune is characterized by a 
patchiness vegetation, m ainly  com posed o f  Am m ophila arenaria  (L.) Link, 
and  to a lesser extent Euphorbia paralias L., E lym us arenarius  L. and 
Calystegia soldanella  (L.) R. B row n. The fixed dune show s an increased 
p lan t cover com posed o f different vegetation units w ith  m ost characteris­
tic species : Am m ophila arenaria  (L.) Link, Phleum  arenarium  L., Festuca  
rubra  L., C atapodium  rigidum  (L.) C. E. H ubbard, Polygala vulgaris L., 
Asperula cynanchica  L., Galium verum  var. littorale Bréb., Corynephorus 
canescens (L.) P. Beauv., Viola tricolor m aritim a  (Schweigg.) Hyi., Ononis 
spinosa L.. Arabidopsis thaliana  (L.) H eynh., Syntrichia  ruralis (L.) Brid., 
etc. The bram ble (R ubus  spec.) can g row  over large surfaces in the fixed 
dune area, form ing a closed habitat, the g round  under the bram ble being 
devoided o f vegetation. The dom inan t plants o f  the shrub  com m unities 
are Hippophae rham noides L. and S a lix  repens L., associated by S a m ­
bucus nigra  L. and L igustrum  vulgare L. on m ore w et grounds. The 
herbaceous underlayer m ay consist o f  Urtica dioica L., Galium verum  L., 
C lay tonia perfoliata  D onn  ex W illd ., Senecio jacobaea  L., H ypnum  
cupressiform e  L., etc.
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Fig. 1. -  Climatic elements. M.A.Tp. : mean air temperature (°C) summer ; P.E.T. : annual potential 
évapotranspiration (mm) ; M .P. : annual mean precipitation (mm) ; Act-E.T. : annual actual 
évapotranspiration (mm) ; Acc.P.W.L. : annual accumulated potential water loss (mm) ; W.D. : water 
deficit (mm) ; W .S.-R.0. : annual water surplus (mm) and run off (mm) ; R .0 ./P . : yearly ratio run 
off/precipitation (%)  ; Ia : aridity index ; lh : humidity index ; Im : moisture index ; S.C. : summer 
concentration o f thermal efficiency (modified after D i n g e n s  &  V e r n e m m e n , 1 9 6 3 ) .
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4. C l . I MATOLOGICAL INFORMATION

The annual m ean tem perature  o f  the dune region is 10°C ; the  m ean 
Jan u ary  tem perature  is 3.5°C and  the m ean Ju ly  tem perature  is 16.5°C. 
There is a frost-free period o f  220 days, and an annual precipitation o f 
800 m m  ( T a v e r n i e r  and M a r e c h a i ., 1959).

For a m ore detailed analysis o f  the  d istribution o f Cepaea nemoralis and 
clim atic selection w e used the t h o r n t h w a i t e  classification o f climate 
( D i n g e n s  and V e r n e m m e n , 1963). The clim atic elem ents considered are 
show n in Fig. 1. Except for a small hum id  stretch in the middle (type 
B ^B ibi), the region studied is m oist subhum id , w ith  a m egatherm al 
tem perature  efficiency regim e (C2rB¡a') in the  southern  half and fourth 
m esotherm al tem perature efficiency regim e (C2rB¡b¡), in the northern  
half.

5. S a m p l i n g  a n d  s c o r i n g

Collections w ere taken from  50 different colonies in A pril and M ay 
1981. T w o colonies sam pled in A pril 1975 (N° 25, A ppendix I & II) and 
1977 (N° 26, A ppendix I & II), are included in this study as it w as 
dem onstrated ( L a m o t t e , 1951 ; G o o d h a r t , 1956, 1958, 1973 ; G e r d e a u x ,

1978) that phenotype com position o f  populations is not changing rapidly 
w ith  time. E ach station w as searched carefully in order to  sam ple as m uch 
snails as possible. Live snails w ere released after recording the shell colour 
and banding m orph ; em pty and predated shells w ere taken to the 
laboratory. The bands w ere num bered  1 to 5, the upperm ost being 1 ; 
absence w as indicated by  0 (cf. V o n  M a r t e n s , 1865). Fusions w ere 
recorded only if  they occupied a  large part o f  the  largest w horl o f the shell 
( C a in  and S h e p p a r d , 1950) and indicated by bracketing the band  num bers 
o f  the fused bands. D oubled bands (e.g. 003300) w ere classified as single 
banded ( W o i .d a , 1969) ; extra thin bands (:) w ere no t recorded. For shell 
g round co lour three m ain classes w ere distinguished : b row n , p ink and 
yellow . The shells w ere also exam ined for hyalozonate bands, w hite 
peristom e lip, open um bilicus and  sinistrality. D ata on shell size w ill be 
published later.

6. R esults

6.1. General survey

A total o f 13,415 snails from  50 populations have been studied. The 
com position o f  the collections, classified by banding and by g round  colour
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is to  be found in A ppendix I and II. Table 1 gives the banding m orph  
frequencies by num ber and  percentage. Table 2 show s the frequencies o f 
the  m ost im portan t banding m orphs for different shell colours.

Table 1

Banding morph frequencies for  C. nemoralis 
from the Belgian coastal dune region

Banding morph N um ber of individuals Percentage

00000 2,707 20.1789
02000 3 0.0224
00300 5,213 38.8595
00040 1 0.0075
10300 13 0.0969
02300 13 0.0969
00340 9 0.0671
00305 8 0.0596
00045 11 0.0820
12300 5 0.0373
10305 4 0.0298
10045 9 0.0671
02340 2 0.0149
02045 1 0.0075
00345 278 2.0723
12305 2 0.0149
12045 34 0.2534
10345 797 5.9411
02345 133 0.9914
12345 4.172 31.0995
Total 13,415 100

T w enty  banding m orphs are found. Three o f them  are predom inan t 
and  account for 90.14%  o f all snails found : they are in decreasing order 
00300, 12345, and  00000. T ogether w ith  the less frequent m orphs 10345 
and 00345 they m ake 98.15%  o f the  total collection.

The frequency o f  yellow  shells is 69.44%  ; the frequency o f  pink and 
b ro w n  shells is respectively 29.12%  and 1.44%'. B row n shells are alm ost 
exclusively unbanded. For yellow  shells the frequency o f form ula 00000 
(23 .59% ) is clearly higher than  for p ink ones (8.14% ), w hereas the 
frequency o f m orph  12345 is higher for p ink shells (41.15%  versus 
27.53 % for yellow). T he rem ainder o f  the banding m orphs has a sim ilar 
frequency for yellow  and  pink.
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Table 2

Frequencies o f the main banding morphs 
for different shell colours in Cepaea nemoralis 

from the Belgian coastal dune region

Banding morph
Yellow Pink Brown

Num ber % Num ber % Num ber %

00000 2,197 23.59 318 8.14 192 99.48
00300 3,517 37.76 1,695 43.38 1 0.52
00345 227 2.44 51 1.31 - -
10345 652 7.00 145 3.71 - -
12345 2,564 27.53 1,608 41.16 - -
Others 158 1.68 90 2.30 - -
Total 9,315 69.44 3,907 29.12 193 1.44

N o  shell displayed sinistrality or an open um bilicus. Only one shell 
w ith  w hite peristom e lip w as found in the  stations 7 (YOOOOO) and 40 
(Y00300) respectively. Shells w ith  hyalozonate bands w ere  scarce : one 
individual w as found in station 18 (P00300), 14 (B Í2300) and 7 (Y00300). 
T here w as no indication for high num bers o f hyalozonates w ith  or 
w ithou t w hite peristom e lip as m entioned by  C o l b e a u  (1863-65) for 
Lom bardsijde (stations 22-23).

Cepaea hortensis (Mum..) w hich  is know n  to be rare in the  dune region 
( A d a m  : 1 9 4 7 ) ,  w as only found in station 9 (Koksijde) and 3 5  (Bredene) a t  

low  num bers.

6.2. Geographical variation in polymorphism

Fig. 2 show s the location o f  all sam ples collected and  the frequencies o f 
eight characters o f  the polym orphism .

Som e N E -S W  trends in m orph  frequencies are apparent, how ever 
w ithou t all being continuous th roughout. B row n shells are alm ost 
confined to the SW  (present in 9 colonies) and  lacking, except for one 
colony, at the N E  part o f  the dune region. F or yellow  and pink shell 
colour there is no clear trend. Pinks (and brow ns) show  a higher 
percentage in the m iddle o f the SW  dune area. O f the banding m orphs, 
phenotype 12345 is abundan t a t m ost stations and show s no specific 
distribution. M orph  00000 reaches rem arkable frequencies in the SW  
corner and show s a decreasing tendency  tow ards the N .E . (Spearm an’s
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rank  correlation coefficient r s = - 0 .4 4 9 ,  z =  3.145, p <  0.0016). The 
distribution o f phenotype 00300 is inverse to tha t o f  m orph  00000 : low  
frequencies in the SW  and increasing to the N E  (rs = 0.714, z = 4.997, 
p <  0.0001). T he m orph frequencies for 10345 and  00345 are higher in 
the SW  part o f  the dune region ; besides there  is a m ore or less increasing 
trend  from  SW  to N E  in that area, w hich  is m ost p ronounced  for m orph 
10345.

6.3. Variation in polym orphism  with clim ate

The areas delim ited by the isoplets for ten o f  the clim atic elem ents given 
in Fig. 1, w ere analysed for differences in colour, m ain banding m orphs 
and  fusion o f the colonies by a single classification analysis o f  variance 
(Table 3). It m ust be rem arked  that m ost elem ents are interdependent.

6.3.1. T h e  y e l l o w  p h e n o t y p e

T here is a significant added variance com ponent am ong the areas 
delim ited by eight clim atic elem ents for yellow . The m ean frequency for 
yellow  shells is significantly low er (66-68 96 v. 71-93 9 6 ) in the areas w ith  
the low est m ean sum m er air tem perature, m ean precipitation, actual 
évapotranspiration , accum ulated  potential w ater loss, w ater surplus-run 
off. and hum idity  index. The low est percentages (3 3 96 v. 71-83 9 6 ) are 
found in the area w ith  a  w ater deficit o f  30 m m .

6.3.2. T h e  p i n k  p h e n o t y p e

Pink shells are less frequent (7 96 v. 23-3096) in the areas w ith  a 
respective m ean precipitation o f  750 m m , an actual évapotranspiration  o f 
610 m m  and a hum idity  index o f  20. T he highest m ean frequency is 
found in the area w ith  a w ater deficit o f  30 m m  (67 96 v. 14-21 96).

6.3.3. T h e  b r o w n  p h e n o t y p e

The areas w ith  the highest w ater deficit (35-40 mm) and aridity index 
(6) show  the highest num bers o f  b row n  shells (2-8 96 v. 0.4-0.9 9 6 ).

6.3.4. T h e  p h e n o t y p e  0 0 0 0 0

The unbanded phenotype displays significant differences for all climatic 
elem ents, the  potential évapotranspiration excepted. The areas w ith  the 
low est m ean sum m er air tem perature, m ean precipitation, actual 
évapotranspiration , w ater surp lus-run  off, hum idity  index, and sum m er 
concentration  o f therm al efficiency on the one side, and the highest 
accum ulated potential w ater loss, w ater deficit and  aridity  index on the
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other side show  the highest frequencies varying from  18-43%  depending 
on the variable. T he percentages for unbanded  at the rem ainder o f  the 
areas average 3-7 % . T he aridity  index show s the highest variance ratio. It 
follow s from  the overall results that phenotype 00000 preponderates in 
the m ost arid stretch o f the dune region.

6.3.5. T h e  p h e n o t y p e  0 0 3 0 0

T he m ean frequencies o f  the m id-banded phenotype are found to  be 
significantly different for all clim atic elem ents considered. It has its 
m axim al developm ent in the areas w ith  on the one hand  the highest m ean 
sum m er air tem perature, potential évapotranspiration, m ean precipitation, 
actual évapotranspiration, w ater surp lus-run  off, hum idity  index, and 
sum m er concentration  o f  therm al efficiency and  on the o ther hand  the 
low est accum ulated potential w ater loss, w ate r deficit and aridity index : 
m ean frequencies 49-61 % versus 6-32%  for the o ther areas. The overall 
results show  tha t phenotype 00300 prefers a hum id  env ironm ent w ith  
higher tem peratures.

6.3.6. T h e  p h e n o t y p e  0 0 3 4 5

The sam ple variances for the  phenotype 00345 are not significantly 
different. Banding m orph 00345 is how ever m ore abundan t (M ann- 
W hitney  U  test, z = 3.294, p <  0.0014) in the southern  half o f  the dune 
region w hich  has a m egatherm al efficiency regim e (sum m er concentra­
tion o f therm al efficiency 48).

6.3.7. T h e  p h e n o t y p e  1 0 3 4 5

As for the preceding phenotype, the banding  m orph  10345 is m ainly 
restricted to the region w ith  a m egatherm al efficiency regim e. Six climatic 
elem ents seem  determ inative for its d istribution : potential évapotrans­
piration, m ean precipitation, actual évapotranspiration, aridity  index, 
hum idity  index, and sum m er concentration  o f  therm al efficiency. The 
highest frequencies ( 14-18%) are found in the  areas w ith  m oderate 
precipitation (750 mm), actual evaporation (280 mm), aridity index (5) 
and  hum idity  index (20).

6.3.8. T h e  p h e n o t y p e  1 2 3 4 5

Phenotype 12345 show s no correlation w ith  any o f the climatic 
elem ents considered.
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6.3.9. T h e  e f f e c t i v e l y  u n b a n d e d  p h e n o t y p e

T he effectively unbanded  phenotype (shells w ith  bands 1 and  2 both 
absent) averages the highest frequencies (65 96) in the areas w ith  the 
highest precipitation (800 m m ) and  actual évapotranspiration (620 mm), 
and  the low est aridity  index 14).

6.3.10. T h e  p h e n o t y p e  w i t h  b a n d - f u s i o n s

The phenotype w ith  tw o  o r m ore bands fused show s a preference for 
the areas w ith  the  highest potential évapotranspiration, m ean precipita­
tion, actual évapotranspiration, hum idity  index, sum m er concentration o f 
tem perature  efficiency, and  the low est aridity index. The highest num bers 
o f  the phenotype w ith  all bands fused (12345) are found in the m ost 
no rthern  colony (A ppendix I). It is clear that the phenotype w ith  band 
fusions has its m ax im um  developm ent (35-46 96) in the region w ith  fourth  
m esotherm al tem pera tu re  efficiency regim e o f the dune area.

6.4. Variation in polym orphism  with habitat

M ean frequencies per colony o f the colour m orphs in the habitat 
classes are show n in Table 4. A m m ophila , herbage and scrub have high 
frequencies (72-87 96) o f  yellow  shells, w hereas p ink shells are p re ­
dom inan t in R ubus  (68 96). T he herbage sam ples tend to  have higher 
frequencies for p ink than  the Am m ophila  and scrub samples. B row n shells 
are m ost frequent in scrub and  to a lesser extent in Am m ophila.

Table 4

Shell colour frequencies (%) in Cepaea nemoralis 
from different habitats

Habitat Brown Pink Yellow Total

A mmophila 1.18 11.95 86.87 4,429
Herbage 0.10 27.56 72.34 2,415
Scrub 3.86 19.57 76.57 4,930
Rubus 0.39 68.47 31.14 1,641

Fig. 3a is a scatter d iagram  in accordance w ith  the m ethod o f C a in  and 
S h e p p a r d  ( 1 9 5 4 ) ,  show ing the distribution o f  tw o  classes o f  phenotypes in 
the colonies sam pled, and the  natu re  o f  the  habitat. The position o f a
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colony is determ ined by the percentage o f yellow  shells and the frequency 
o f  effectively unbanded  shells regardless o f  colour. The sam ples form  a 
m ore o r less hom ogeneous group, w ithou t clear-cut clustering w ith 
habitat o f the colour m orph frequencies. T he application o f the extention 
o f  the m edian test for yellow  shells gives a x 2 o f  1 1.976, w hich  is a 
significant departure from  expectation p <  0.005 : R u b u s -sam ples have 
higher frequencies o f  the dark  co lour m orphs, and  the Am m ophila- 
sam ples tend to contain a higher proportion  o f yellow  shells. For herbage 
and  scrub there is no trend. A ny  significant evidence o f variation 
(x2 = 3.642. n.s. a = 0.05), w ith  habitat o f  effectively unbanded  shells, 
could no t be dem onstrated.
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Fig . 3. -  Scatter-diagram showing :
a) the relation between the percentage o f yellow shells, the percentage of effectively unbanded 

shells, and the nature of the habitat,
b) the relation between the percentage of yellow effectively unbanded shells, the percentage of 

banded shells showing fusions of tw o or more bands, and the nature o f the habitat.

M ean frequencies per colony o f  the m ajor banding m orphs in the 
habitat classes are show n in Table 5. The odd banding patterns 12300, 
10300, 00340, etc. w ere classified as 00300 ; 00045 w as classified as 
00345 and 10045 as 10345 ( W o i .d a  : 1969). Am m ophila  and herbage 
exhibit sim ilar frequencies for the different banding m orphs : the mid 
banded m orph  takes the highest frequency (53%)  ; 12345 (26-28%)  and 
00000 (13-15%)  are less im portant. The scrub is characterized by high 
frequencies for 00000 ( 35%)  and  12345 ( 32%)  and to a lesser extent
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00300 (22%).  In the R ubus  habitat m orphs 12345 (47%)  and 00300 
( 40%)  predom inate. T he frequency o f the effectively unbanded  shells, 
including 00300. 00345 and 00000 is highest in A m m ophila , herbage and 
scrub (65-71 % ).

Fig. 3b is a scatter d iagram  show ing  the relationship betw een the 
percentage yellow  effectively unbanded  shells and  the percentage o f five- 
banded shells w ith  tw o  or m ore bands fused. A tendency o f  the colonies 
from  each habitat class to  be grouped together is less distinct again. 
Testing the m edian separation on the yellow  effectively unbanded  axis 
proved not significant (x 2 =  4.916, n.s. a = 0.05). A s regards fusion o f tw o  
o r m ore bands, the p roportion  o f fused bands is dependent o f habitat 
ix1 = 11.941,  p < 0.005). The scrub sam ples show  less fusions : for R ubus  
there  is som e tendency for a  higher frequency o f  fusions, w hereas for 
Am m ophila  and herbage there  is no difference in frequency o f  either o f  the 
fusion classes. T here is a positive regression o f  low er band  fusions on 
upper band fusions (y =  -  0.407 + 1.943x ; F(1>46), p <  0.001).

Table 5

Banding morph frequencies (%) in Cepaea nemoralis 
from different habitats

00000 00300 00345 10345 12345

A mmophila 13.39 53.01 5.28 2.30 26.01
Herbage 15.37 53.14 2.87 0.76 27.86
Scrub 34.85 22.33 7.95 2.70 32.17
Rubus 2.01 40.04 8.96 2.13 46.86

6.5. The phenotypic diversity

The phenotypic diversity o f  each colony w as calculated using the
S

S hannon-W iener function : H  = -  Y, (p¡) (log2p¡), w here  H = inform ation
i=  i

conten t o f  the sam ple, S = n um ber o f m orphs, and p¡ = p roportion  o f  total 
sam ple belonging to the ith m orph. The variants o f  the po lym orphism  
considered are : shell colour, presence or absence o f bands, num ber o f 
bands and  band fusions. For the colonies studied the num ber o f  m orphs 
varies from  2 to  37 ; the  diversity varies from  0.823 to 3.510, m ono- 
m orphic sam ples being absent. T he phenotypic diversity is not related to 
the relative population  density (Spearm an's rank  correlation coefficient,
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r s = 0.015, n.s.), neither to  the increasing distance northeast across the 
study area (rs = 0.045, n.s.). A  plo t o f  S against H for all colonies (Fig. 4) 
show s a positive relationship (y = 1.805 + 5.474 x ; p < 0.001, Fo,«)). It is 
fu rther evident tha t the populations o f  C. nem oralis are m ore polym orphic 
in  scrub and R ubus  than  in Am m ophila  habitat (M ann-W hitney  U  test, 
z = 3.02, p < 0 . 0 0 2 6 ) ;  the  diversity o f  the  herbage sam ples is about 
interm ediate to the form er habitats.

40

O  A m m o p h i l a  

©  H e r b a g e  

Q  S c r u b  

•  R u b u s
30
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o®
3.01,0 2.0

PHENOTYPIC D I V E R S I T Y

F ig. 4. -  Relationship between the number o f morphs (S) and the phenotypic diversity (H).

6.6. Association between loci for banding and  shell colour

It follow s from  Table 2 tha t considerable disturbances occur in the jo in t 
distribution o f  the colour and banding classes. The associations betw een
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the colour loci for yellow  (CY) and  p ink (Cp) w ith  the loci for m idbanded 
(U 3) and com pletely banded (U~), and respectively the loci for bandless 
(B°) and banded (Bb) shells, w ere tested for linkage disequilibrium  (S p i e s s ,

1979). Only sam ples totalling at least 50 individuals and  w ith  5 individuals 
for each pair o f these loci w ere  considered. A m ong 23 o f such sam ples, 
only 4 (station 7, 39, 44 and 50) show ed a significant departure from  
expectation for the C and  U  loci, w h ich  agrees w ith  the theoretical 
assum ption tha t the U  locus is no t linked to  the B or C locus (e.g. 
L a m o t t e , 1954 ; C a in  &  S h e p p a r d , 1957 ; C a in  et al., 1968). A s for the B 
and C loci w hich  are know n  to be very closely linked, ou t o f  the  15 
colonies that cam e into consideration, there w ere 11 that show ed a strong 
linkage disequilibrium  w ith  an excess unbanded  w ith in  yellow  and 
banded w ith in  pink. T here is an alm ost absolute disequilibrium  (Table 2) 
betw een the allele for b ro w n  shell colour (CB) and  that for the absence o f 
shell bands (B°).

7. D iscussion

The shell co lour and banding polym orphism  o f  Cepaea nemoralis is 
affected by at least eight evolu tionary  forces (Jo n e s  et a l . , 1977), the spatial 
environm ental heterogeneity, especially clim atic factors (e.g. C a in  and 
C u r r e y , 1963 ; R i c h a r d s o n . 1974, 1979) and differential predation (e.g. 
C a i n , 1953;  C a in  and  S h e p p a r d , 1950, 1952, 1954;  C a r t e r , 1968;  
S h e p p a r d , 1951), being the m ain causative agent. C om parison o f  ou r data 
for the distribution o f C. nem oralis w ith  the types o f  w ater balance 
( T h o r n t h w a i t e  classification o f climate) show s th a t clim atic selection is 
operating and explains in part the  observed distribution o f  the colour and 
banding m orphs.

T he yellow  shell co lour is favoured in the m ore hum id stretch ; p ink is 
m ore frequent in the interm ediate areas, and  b ro w n  is alm ost confined to 
the m ost arid stretch o f  the  dune area. A s in the  British Isles ( C a i n , 1954), 
b row n  shells w ere associated w ith  enclosed hollow s o f com plex dunes 
that accum ulate cold air during the night. Snails w ith  b row n  shells ought 
to  be favoured in these places since they absorb m ore solar energy. The 
presence o f  b row n  shells at station 46 (Zeebrugge) near a large pond, and 
the effectively unbanded  b ro w n  shells at station 50 (Zwin) near the m ud 
flat and Z w in river, could also originate from  the colder and w etter 
m icroclim ate.

T he unbanded  phenotype in general and  the yellow  unbanded  in 
particular, is at an advantage in the m ost arid  stretch o f  the study area.

1 96



Laboratory  experim ents (B o e t t g e r . 1954 ; G a r c i a , 1977 ; L a m o t t e , 1959) 
and  field observations ( R i c h a r d s o n , 1979) have show n tha t snails w ith  
yellow  and unbanded  shells have a higher tem perature  tolerance than  the 
darker and banded ones because o f their low  albedo. W e suppose that 
differences in shell reflecticity for solar energy, not only  will cause 
selective heat death, bu t also differential déshydration, thus favouring 
lighter and unbanded  shells in arid  environm ents. The frequency o f the 
m id-banded phenotype increases from  SW  to N E  and seems associated 
w ith  a m ore hum id  climate. A r n o i .d  (1971), C a m e r o n  and C o o k  (1971), 
B a n t o c k  and P r ic e  (1975) found  tha t m id-banded is favoured in  harsh 
climate. T he effectively unbanded  phenotype w hich  is m ainly  determ ined 
by the m id-banded m orph  show s, in accordance w ith  this m orph, the 
highest m ean frequencies in the area w ith  the highest precipitation. The 
five-banded phenotype is well represented th ro u g h o u t the  area and show s 
no cline. The frequency o f  the band-fusion m orph is higher in the region 
w ith  fourth  m esotherm al tem peratu re  efficiency regim e. Banding m orphs 
00345 and 10345 are alm ost confined to the region w ith  a m egatherm al 
efficiency regim e, and tend to increase from  SW  to N E  w ith in  tha t region. 
T he d in e s  for the characters 00000, 00300, 00345 and 10345 do not 
coincide, dem onstrating tha t the clim atic gradients act differently on the 
different loci. C i .a r k e  (1966) how ever has show n tha t epistatic m odifying 
genes could produce and m aintain changes in gene frequency w ithou t 
correspondence w ith  environm ental gradients.

Evidence o f  predation by th rushes w as found at all sites, and blackbird 
and song-thrush w ere observed feeding on C. nemoralis on several 
occasions. It is accepted tha t the data on shell co lour and banding w ith 
respect to  habitat, could give an ^  indication on the influence by visual 
predators. The closed habitats (scrub and R ubus)  are m ore polym orphic 
and display a higher diversity than  the open Am m ophila  habitat ; the 
herbage occupies an interm ediate position. This suggests som e visual 
selection for diversity (apostatic selection). On the basis o f  visual selection 
for cryptic m orphs by th rushes, closed habitat sam ples should  be less 
yellow  and less five-banded than  those from  open habitats (e.g. C a in  and 
S h e p p a r d , 1954). In the dune area studied, the R ubus sam ples only have a 
h igher frequency for dark colour, five-banded and  band-fusion m orphs, 
pointing tow ards visual selection against yellow  shells on the dark 
background o f R ubus. The im pact o f predation on C. nemoralis in the 
other habitats seem s to have less selective value : shell co lour but not 
banding are related to  the Am m ophila  and herbage habitat, w hereas 
banding and not shell co lour frequencies are related to  scrub.
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A b s t r a c t

The colour and banding polymorphism of Cepaea nemoralis (L.) (Gastropoda, 
Helicidae) from the Belgian coastal dune region was investigated. The frequency 
of yellow shells is 69 % . Three banding patterns are predominant and account for 
9096 of all snails found : 00300, 12345 and 00000. The distribution of morph 
frequencies can be related to climatic factors and habitat. Unbanded shells are to 
be found in arid areas and mid-banded in more wet areas. The five-banded morph 
is not correlated with the factors studied.
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Appendix I

Collections o f  C. nemoralis classified by banding

Locality Habitat 12
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1 Westhoek A 41 _ - - - 1 - - - - _ 3 - _ 15 _ _ — _ _ 2 _ _ _ _ _ _ _ — _ - - 30 - 413 505
2 Westhoek S 91 3 - - - - - - - - 1 - - - 3 - 1 - - - - - - - - - - - - - - - - 13 - 127 239
3 De Panne S 60 1 - - - - - - - - - - - - 10 - - - - - 1 - - - - - - - - - - - - - - 119 191
4 Koksijde H - 5 - - - - - - - - - - - - - - - - - - 5 - - - - - - - - - - - - - - - 10
5 Koksijde H 97 4 - - - - - - - 2 3 - - - 8 - - - - - - - - - - - - - - - - - - 6 - 33 153
6 Koksijde S 45 1 - - - - - - - - 2 - - - 3 - - - - - 1 - - - - - - - - - - - - 2 - 66 120
7 Koksijde S 73 7 - - - 1 1 - 1 - 3 4 - - 2 - - - 1 - 9 - - - - - 1 - - - - - - 65 - 81 249
8 Koksijde A 112 3 - - - 1 - - 3 - 9 2 - - 3 - - - - - 2 - - - - - - - - - - - - 3 - 3 141
9 Koksijde S 51 15 - - - - - 2 2 1 11 1 - - 20 - 1 - - - 5 - - - - - - - - - - - - 92 - 398 599

10 Koksijde S 96 19 - - - - - - 4 - 26 1 - - 25 1 - - - - 7 - - - - - - - - - - - - 126 - 676 981
11 Oostduinkerke H 71 7 - - - - 1 - - - 2 1 1 - 22 - 2 - - - 2 - - - - - - - - - - - - 1 - 202 312
12 Oostduinkerke H 124 18 - - - - - - - - 5 2 - - 24 - - - - - - - - - - - - - - - - - - 6 - 63 242
13 Oostduinkerke S 158 9 - - - - - - - - 11 10 - - 10 1 1 - - - 20 - - - - - - - - - - 1 - 86 - 63 370
14 Oostduinkerke S 92 3 - - 1 - - - 1 - 7 - - - 40 - - - - - 3 - - - - - 1 - 1 - - 1 - 92 - 77 319
15 Nieuwpoort s 17 1 - - - - - - - - 3 2 1 - 3 37 - 32 96
16 Nieuwpoort A 248 66 - - - - 2 - 2 - 32 7 2 - 28 2 5 - - - 5 - - - - - - - - - 1 - - 116 - 2 518
17 Nieuwpoort R 301 157 1 1 1 5 2 - 2 - 113 8 4 - 86 7 1 2 2 - 21 2 - - 2 - - - 3 - 3 5 - 455 - 28 1,212
18 Nieuwpoort H 78 22 - - - 1 - - 1 - 9 7 1 - 10 2 1 2 - - 9 - - - - - - - - 1 - - - 164 - 35 343
19 Nieuwpoort R 53 8 - - - - - - - - 3 6 1 - 12 - - - - - 6 1 - - 1 - - - 1 - - - - 77 - 3 172
20 Nieuwpoort / V 50 22 1 - - 1 - - 1 - 20 7 2 - 4 - - - - - 4 1 - - - - - - - - - - - 26 - - 139
21 Nieuwpoort A 9 1 - - - - - - - - 1 - - - - - - - - - - - - - - - - - - - - - - 67 - 11 89
22 Lombardsijde S 113 1 - - - - - - 1 1 11 2 1 - 30 - 3 - - - 14 1 - - 1 - 1 - - - - - - 49 - 15 244
23 Lombardsijde S 37 1 - - 1 - - - - - 2 2 3 - 9 - - - - - 13 - - - - - - 1 - - - - - 20 - 2 91
24 Westende A 29 1 - - - - - - - - 1 - - - 15 - 1 - - - 6 1 - - - - - 2 - - - - - 34 - 23 113
25 W estende S 20 - - - - - - - - 1 - - 1 - 14 - - - - - 9 - - - - - - - - - - - - 33 - 4 82
26 Westende S 56 3 - - - - - - - - 3 - - - 40 - - - - - 2 - - - - - - - - - - - - 41 - 5 150
27 Westende s 177 8 - - - - - - - - 5 1 - - 112 - 1 - - - 19 1 - - 1 1 - - - - 1 1 - 128 - 38 494
28 Westende s 90 2 - - - - - - - 3 1 3 - - 14 - - - - - 6 - - - 1 - - - 1 - - 2 - 82 - 4 209
29 Westende A 101 3 - - - - - - 1 - 3 1 - - 61 - 2 - - - 9 - - - - - - 1 - - - - - 149 1 1 333
30 Middelkerke A 89 - - - - - - - 1 - 4 1 - - 92 - - - - - 51 - 1 - 3 - - 4 - - - - - 1 - 1 248
31 Middelkerke S 33 - - - - - - - - 1 - - - - 52 - 1 - - - 17 - - - - 2 - 2 - - - - - 47 - 2 157
32 Raversijde A 27 - - - - - - - - - - - - - 6 - 1 - - 1 8 297 - 4 344
33 Oostende A 6 - - - - - - - 1 - - - - - 2 - - - - - - - - - - - - - - - - - - 69 - 1 79
34 Oostende A 34 5 - - 1 - - - 1 1 6 4 - - 2 - 1 - - - 7 - - 1 - - 1 - - - 1 - - 492 - 4 561
35 Bredene H 5 - - - - - - - 2 - 1 1 - - - - - - - - - - - - - 1 - - - 1 - - - 7 - 5 23
36 Bredene A 57 10 1 - - - - - 3 - 12 10 2 - 5 - - - - - 2 - - - - - - 1 - - - - - 241 - - 344
37 Bredene S 31 3 - - - - 1 - 6 - 4 - - - - - - - - - - - - - - - - - - - - - - 22 - 5 72
38 De Haan H 32 14 - - - - 1 - - - - 2 - - 1 - 1 - - 1 - - - - - - - - - - - - - 19 - - 71
39 De Haan S 90 16 - - - - 3 - 5 - 7 3 1 - - - - - - - - - - - - - - - - - 1 - - 55 - - 181
40 De Haan R 16 2 - - 1 - - - 3 - 5 - - - - - - - - - - - - - - - - - 1 - - - - 88 - 2 118
41 De Haan H 75 7 - - - - - - 1 - 8 1 - - 1 - 1 - - - - - - - - - - - - - 1 1 - 707 - 6 809
42 W enduine S 17 1 - - - 1 - - - - - - - - - - - - - - 2 - - - - - - - - - - - - 32 - - 53
43 W enduine A 12 3 - - - - - - 2 - - 2 - - - - - - - - - - - - - - - - - - 1 - 1 68 - 3 92
44 Blankenberge H 29 9 - - 2 - - - 4 - 20 12 - - - - - - - - 2 - - 1 - - - - 1 2 1 - - 349 - 20 452
45 Blankenberge A 41 10 - - - - - - 4 - 13 1 - - - - - - - - - - - - - - 1 - - - - 1 - 283 - 9 363
46 Zeebrugge A 1 - - - 2 - - - 2 - 4 - - - - - - - - - - - - - - - - - - - - - - 5 - 4 18
47 Heist A 12 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 6 - - 18
48 Het Zoute S 6 - - - 1 - 2 - 1 - 1 - - - - - - - - - - 1 - - - - - - - - - - - 18 - 3 33
49 Het Zoute A 5 1 - - 1 - - - 1 - 5 - - - - - 1 - 1 - - - - - - - - - - - - - - 10 - 1 26
50 Zwin A 14 6 - - 26 - - 1 28 - 33 2 3 1 - - - - 1 - 1 - - - - - - - - 5 3 1 - 397 2 113 637

Totals : 3.122 478 3 1 37 1 1 13 3 84 10 410 109 23 1 784 13 25 4 5 2 270 8 1 2 9 4 5 11 8 9 13 13 1 5,213 3 2,707 13,415



Appendix II

Collections o f  C. nemoralis classified by shell colour

Locality
Yellow
Habitat N°

Pink
%

Brown
N° % N° % Total

1 Westhoek A 497 98.4 8 1.6 _ _ 505
2 Westhoek S 205 85.8 34 14.2 - - 239
3 De Panne S 131 68.6 54 28.3 6 3.1 191
4 Koksijde H 10 100.0 - - - - 10
5 Koksijde H 136 88.9 17 11.1 - - 153
6 Koksijde S 83 69.2 37 30.8 - - 120
7 Koksijde S 153 61.4 57 22.9 39 15.7 249
8 Koksijde A 132 93.6 9 6.4 - - 141
9 Koksijde S 548 91.5 49 8.2 2 0.3 599

10 Koksijde S 885 90.2 96 9.8 - - 981
11 Oostduinkerke H 277 88.8 35 11.2 - - 312
12 Oostduinkerke H 155 64.0 87 36.0 - - 242
13 Oostduinkerke S 185 50.0 149 40.3 36 9.7 370
14 Oostduinkerke S 204 63.9 64 20.1 51 16.0 319
15 Nieuwpoort s 46 47.9 19 19.8 31 32.3 96
16 Nieuwpoort A 172 33.2 346 66.8 - - 518
17 Nieuwpoort R 139 11.5 1,054 87.0 19 1.6 1,212
18 Nieuwpoort H 155 45.2 185 53.9 3 0.9 343
19 Nieuwpoort R 62 36.0 110 64.0 - - 172
20 Nieuwpoort R 53 38.1 86 61.9 - - 139
21 Nieuwpoort A 70 78.7 16 18.0 3 3.4 89
22 Lombardsijde S 208 85.2 36 14.8 - - 244
23 Lombardsijde S 66 72.5 25 27.5 - - 91
24 Westende A 106 93.8 7 6.2 - - 113
25 Westende S 82 100.0 - - - - 82
26 Westende S 142 94.7 8 5.3 - - 150
27 Westende s 464 93.9 30 6.1 - - 494
28 Westende s 209 100.0 - - - - 209
29 Westende A 333 100.0 - - - - 333
30 Middelkerke A 247 99.6 1 0.4 - - 248
31 Middelkerke S 157 100.0 - - - - 157
32 Raversijde A 344 100.0 - - - - 344
33 Oostende A 77 97.5 2 2.5 - - 79
34 Oostende A 445 79.3 116 20.7 - - 561
35 Bredene H 14 60.9 9 39.1 - - 23
36 Bredene A 284 82.6 60 17.4 - - 344
37 Bredene S 36 50.0 36 50.0 - - 72
38 De Haan H 67 94.4 4 5.6 - - 71
39 De Haan S 59 32.6 122 67.4 - - 181
40 De Haan R 46 39.0 72 61.0 - - 118
41 De Haan H 398 49.2 411 50.8 - - 809
42 W enduine S 44 83.0 9 17.0 - - 53
43 W enduine A 83 90.2 9 9.8 - - 92
44 Blankenberge H 270 59.7 182 40.3 - - 452
45 Blankenberge A 248 68.3 115 31.7 - - 363
46 Zeebrugge A 15 83.3 - - 3 16.7 18
47 Heist A 18 100.0 - - - - 18
48 Het Zoute S 30 90.9 3 9.1 - - 33
49 Het Zoute A 26 100.0 - - - - 26
50 Zwin A 499 78.3 138 21.7 - - 637

Total : 9,315 69.44 3,907 29.12 193 1.44 13,415

A : Ammophila ; H : herbage ; S : scrub ; R : Rubus.


